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(54) Harmonic mixer and drcuH 

(57) At least one diode D,, ate is positbned b^een the limbs 1a,1b of a planar dipole antenna 1 . all assembled at the 
surface of a high resistivity body (7. Fig 1). A signal of intennediate frequency f,, a frequency given by the difference in 
frequency of signal radiatbn arid an harmonic nf^ of a reference signal supplied from a local osdilator LO through 
conductors 3a. 3b, directly coupled to the mixer, is extracted by means of a narrow band amplifier A connected to the mixer. 
The mixer comprises one diode D. two diodes 01 , 02, or, in preference to these, a ring of four diodes 01 ,..,02*. The body 
(7) may be of semiconductor material and the diodes incorporated as components integrated with the semiconductor 
material The harmonic mixer circuits may be utilised alone, or with other like circuits in array, using a common si4>straite 
(7). feed Ones 3, and reference source LO. Several arrays (M1.M2. M3) Rg 15 may be combined with a dielectric lens 21 
and component mirrors 25, 27. 




At teast one drawing originany laed was mfomial and the print reproduced here is ta^ 
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narraople Kt>:er and Circuit 



• TECKKICAL FIELD 

This invention concerns hanaonic laixers, particularly diode nixerc 
for application at xDillimctre or centimetre band; 

In a high frequency signal receiver it is usual to include a mixer 
at the front end of the receiver so that signnl frequency 3iay be reduced 
and Bubsequnnt signal processing isay be perfornied at a lower end Giore 
manageable frequency. The raixer serves to n:i>: received signal with a 
reference signal to develop a reduced frequency' signal » a signal of 
frequency fj that is the difference or harioonic difference of the 
frequencies fg, fi^ of the received signal and the reference signal:- 

I^S " ^rI» integer n 

In practice a scries of harmonic difference signals is developed, 

ic for different harnonics n and, one of these signals, the signal at . 

one chosen frequency, is extracted using a narrow band amplifier* 

BACICGRGUN P ART 

In a typical centimstre band receiver, high frequency signal is 
radiatively coupled to an aerial collecting dish and relayed to a 
micro-circuit mixer -eg a diode ring - by means of a waveguide* This 
micro-circuit usually consists of a dielectric support plate having 
patterned conductors and bonded semiconductor mixer components - eg 
diodes - on one surface and may also be metallised over all or part of 
the other surface. The positioning of these coinponents is extremely 
critical. The micro-circuit is usually mounted in the waveguide cavity 
or else is connected to the waveguide by a specially designed 
transition. The pbsitioni'lrig of this circuit relative to the vTavcguidc 
is also critical. 
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The accurate positioning of the coitpocents and the positioning of 
the microcircuit are deinanding i^iechanical tasks and are largely 
responsible for the relatively high production cost of these conven- 
tional receivers. These receivers are difficult to set up, fragile and 
5 expensive* 

Hention is here made of UK Patent Application No 8206114, the 
content of which is imported herein by way of reference. Various 
nixers - eg balanced mixers and dual-balanced mixers - are disclosed 

10 therein. These mixers arc of compact structure and each Includes an 
antenna as an inuegrnted part. Essentially each cociprises a pair of 
crossed dipoles mounted on, or in very close proximity to, a high 
dielectric support body, and incorporates a mixer diode ring connected 
between the constituent limbs of the dipoles. When used, input signal 

15 and reference signal are each radiatively coupled to a different one of 
the tV70 dipoles, each of ^hich is designed to be resonant. The . 
frequencies of input radiation and reference are similar. 

'DlSCT/)SUaK OF THE IITTCRTION 

20 

The present invention provides a harmonic mixer and circuit that 
is both mechanically rugged and compact. 

According to the invention there is provided a harmonic mixer and 
25 circuit comprising 

a planar dipole antenna mounted upon a high resistivity body, 
and having connected between the constituent limbs of the dipole 
antenna, a mixer, comprised of at least one diode, matched in impedance 
30 to the radiation impedance of the antenna; 
connective links connected to the mixer; 

a reference signal source connected to the mixer by means of the 
connective links; and. 
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a narrow band amplifier connect yd to the mixer, recponsive to mixed 
signals developed in the mixer, for extracting at least one signal at 
a frequency the difference between the, frequency of incident signal 
radiation and an harmonic of the reference signal. 

This mixer and circuit may be used to compare the phiise of a high 
frequency signal with that of a stable reference signal of comparat*- 
ively low frequency (eg a frequency a factor between four and thirty 
times lower than the signal frequency, would be typical). It may be 
used In radar applications to conpare the phase of a local oscillator 
with a low frequency reference signal. It may also be used in frequency 
synthesisers. 

Since the mixer is incorporated with the antenna, the circuit is 
of compact coostruction ahd the problems of positioning and mounting, 
referred to above, are obviated. 

A simple mixer circuit Including only one diode nay be used for 
harmonic mixing. However, more complex circuits employing two or four 
diodes In balanced configuration offer advcntages in practical systems, 
namely:- 

a To minimise the amplitude of reference signal appearing across the 
amplifier. This makes It easier to identify the IF output and 
indirectly Improves receiver sensitivity. It also reduces the 
Influence of reference signal amplitude noise on the IF output. 

b To separate the IF output signals corresponding to odd and even 
reference signal harmonics. This has advantage where measurement of a 
signal frequency close to (ttfi)f]^ is required. 
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c To separate upper and lower sideband signals. 

The compact design of the mixer circuits, as aforesaid » makes 
such circuits suitable for array and multiple array assembly. 

5 

The mixer diodes may be discrete components bonded to the limbs of 
the antenna* In preference, however, the antenna may be supported 
upon a semiconductor body, and the mixer diodes, as also the amp- 
lifier, integrated in the structure of this body.. This semiconductor 

10 body may be used as the high dielectric constant body, to serve to 

couple signal radiation to the antenna. It may instead be formed as 
an integral part of the high dielectric constant body. Alternatively a 
semiconductor body and a higher dielectric constant body may be arranged 
on opposite sides of the antenna, the semiconductor body serving to 

15 integrate the mixer diode^, and the dielectric body serving to couple 
signal radiation to the antenna* 
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BRIEF PrTRODCCTION O F THE DRAV^IN GS' 

•In the drawings accompanying this specification:- 

5 Figure 1 Is a drawing, part In plan and part schematic, of a single 
diode harmonic nlxer and circuit; 

Figure 2 Is a plan drawing showing detail of a monolithic InsplcMentatlon 
of part of the circuit shovm in Figure 1 above; 

Figures 3 & 4 respectively, show In part plan and schf»satlc, alternative 
10 two-diode hanr.onlc mixer clx-cult variants; 

Figures 5 to 10 show in part plan and scheinatic, a nunher of four- 
diode ring hanconic mixer circuit variants; 

Figure 11 Is a drawing, part in plan and part schirinctic, of a four- 
diode ring hamonic mixer circuit Including overload protection 
15 diodes; 

Figures 12 & 13 show in cross-section two different mounting arrange- 
ments for a tilxer circuit of monolithic construction; 

Figure 14 is a schematic circuit diagram for an array of harmonic mixer 
elements; 

20 Figure 15 shov7s in illustrative cross-section a multiple array lens 
combination; and 

Figure 16 shows in part plan and schematic, a twin-receiver array 
arranged to make instantaneous frequency measurement. 

25 DESCRIPTION OF EMCODIMEOTS 

&Bbodiment6 of the invention will now be described, by way of 
example only, with particular reference to the accompanying drav/lngs* 

30 Various forms of harmonic mixer circuit are illustrated in figures 

1 to II. These range from a simple single-diode mixer circuit assembly, 
as shown in figure 1, to more complex and preferred variants that 
include two-diode component mixers (see figures 3 & 4) and four-diode 
ring mixers (sec figures 5 to 11). 
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The simple singie-diode wixer circuit shovTn in Figure 1 is 
comprised of: a single-diode mixer elexaent D: an antenna 1, for 
. providing radiative coupling between an external signal radiation field 
and the mixer D; a local oscillator signal feed consisting of a feed 
5 transmission line 3, a short length of connective transmission line 5, 
and resistive connections Rl and R2, for providing direct* conductive 
coupling between a local oscillator LO and the mixer D; and an Inter- 
mediate frequency (IF) amplifier A connected to the mixer D, for 
extracting one of the mixed signal products » a signal having a frequency 
10 "fi" given by the difference In frequency of the external signal "fg" 
and a close harmonic "n" of the local oscillator reference signal 
"ffc":- 

fl » jfs - nfRl 

15 

The antenna 1 and the transmission lines 3 and 5 have been formed from 
common metallisation, a layer of metal deposited upon the surface of a 
supporting substrate 7 of high-resistivity n^Lterial, either an 
insulating dielectric or a semiconductor* The antenna 1> a flat planar 

20 dipole is comprised of two limbs la^ lb spaced by a narrow gap across 

which the mixer diode D extends. The length of the dipole is chosen so 
that the antenna 1 is resonant at external signal RF frequency, or, if 
It is to be used to cover a range of external frequencies » it Is 
designed to be resonant at a frequency within or close to the required 

25 band and usually near the low frequency end of this band* It is thus 
approximately one-half of a signal wavelength long» a wavelength dep- 
endent upon the properties of the supporting medium* The connective 
transmission line 5 is formed of a pair of planar conductors 5a and 5b; 
these extend orthogonally each from one of the dipole limbs la and lb, 

30 respectively* The feed transmission line 3 is likewise comprised of a 
pair of flat parallel conductors 3a and 3b* The line pair 3 is narrow 
to ensure that propagation of the reference signal is confined to a 
well defined TEM mode, to -avoid spurious coupling with the antenna 1* 
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Tlie gap between the two couductors 3a, 3b, Is usually chosen small com-* 
pared with the width of each conductor 3a, 3b co that the line impedance 
•presented is lovj. The resistive connections: Rl and rv2 provide connec- 
tion between the conductors 5a, 5b of the connective transmission line 
5 and the conductors 3a, 3b of the feed transnission line 3, respect- 
ively. The feed transraission line 3, the resistive connections Rl and 
R2, and the connective transmission line 5 thus provide a direct con- 
ductive path betvjsen the local oscillator LO and the mixer diode T>. 
They also serve to carry dc bias current to and from the diode D. The 
effective length of the connective transmission line 5, together with 
its load termination, are chosen to avoid undue RF loading across the 
antenna 1. A capacitative load, a capacitor C is thus connected across 
the conductor pair 5a and 5b at a distance one quarter Vravclength or 
less from the antenna I. The effective RF impedance that this trans- 
mission line 5 presents across the diode D in the antenna path is tl-uc 
either open circuit (for one quarter vTavelength) or inductive (for 
less than quarter \7avclength) • In order to optimise mixer efficiency, 
it is usual to choose this impedance to be inductive, nn inductance 
resonant vjith the diode capacitance at signal or signal centre band RF 
frequency. The length of connective transulssion line 5 between the 
antenna 1 and the capacitor termination C is thus normally chosen to 
be between one-sixteenth and one-quarter wavelength in ti^ansmission 
iaode« The inputs to the IF amplifier A are connected across the 
capacitor C, one input connected to each line conductor 5a and 5b, 
respectively. The capacitor C, which has low impedance at RF signal 
frequency, is chosen so that its impedance at DC and at IF Is in com- 
parison relatively high. 

The mixer diode D, is a Schottky-barrier device. Other forms of 
majority carrier diode capable of developing significant harmonic 
content at RF however, would be suitable. It may be incorporated, as 
may the other components - the resistive connections Rl, R2 and the 
amplifier A as a hybrid component bonded in position. However the 



compact structure of the mixer circuit assembly lends itself to mono- 
lithic integrated construction. Provided the supporting substrate 7 is 
"of senj conductor material, these components therefore Ray be forced as 
integrated parts of the underlying substrate material. 

The terminal part of the connective transmiission line 5 5s shown 
in figure 2. It has been formed with the amplifier A constructed as a 
component integral with the semiconductor material of the supporting 
substrate 7 and located beneath the metal of the connective trans- 
mission line 5m The amplifier A may be made in more than one part, 
as sho:m in figure 2> and in this case the parts of amplifier A may be 
connected electrically by one or mcx*e conducting elements under the 
transmission line parts 5a » 5b, 5c and isolated at low frequency from 
the trancmicsioa line 5 by an insulating layer. The capacitor C is 
formed of one part of one of the line conductors 5b, a dielectric 
overlay 9, and an extended part 5c of the other line conductor 5a 
which is electrically continuous with a tap metal overlay 11 which 
forms one plate of the capacitor C, above the underlying conductor 5b 
vhich forms the other plate. 

It is a drawback of this simple construction of mixer circuit 
(Figure 1) that reference signal is applied directly across the IF 
amplifier A. The design of amplifier needed for effective LO signal 
and IF signal separation is accordingly demanding. This drawback may 
be obviated In balanced mixer circuit configurations; circuits 
including mixers having two or more diode components , examples of wliich 
are described below. 

A two-diode mixer circuit is shown in figure 3. Here the single 
diode D has been replaced by a pair cf diodes Dl and D2. Tliese diodes 
are arranged back-to-back in series across the gap between the two 
limbs la and lb of the antenna 1, and are joined to each side of a 
capacitor C at the near^end of a detached connective transmission 
line 5. As in the previous example, the design of capacitor C is 



chosen so that it provides lov: impedance at signal RF whilst it 
presents relatively high iiapcdance at IF and TiC* The resistive connec- 
• tioas Rl and R2 are arranged to provide coi^nection between one of the 
feed transuission-line electrodes 3a and each of the connective trans- 
icisslon line electrodes 5a and 5b. The antenna 1 is co-extensive v/ith 
a short length of shorted transmission line 13 which bridges the gap 
and extends orthogonally from th:; tvvo dipole limbs la and lb. This 
short length of transmission line 13 - typically, betv?ccn oue sixteenth 
and one quarter wavelength long - serves as an inductive stub and is 
designed V7ith iriductivc RF reactance either greater then or matched 
equal to the capacitatlve KF rcactr.ncc of the diode-ccpftcltor combin- 
ation 01-C-D2. The phortlng iuipcdance at Uie end of this stub 13 in 
of low resistance and provides DC continuit}* bet\jaen zhet two liisbs 
la and lb of the antenna 1. The DC bias and LC reference circuit ir> 
completed by a resit; tive tonne ct ion R3 which ortends between one limb 
la of the antenna: 1 and the other conductor 3b of the feed trar»Gir.in;:ion 
line 3* The resistive connection R3 laust be carefully chosen, for it 
should not provide a significant KF current path bctv:een the antenna 1 
and the feed transinlssion line 3 wliicli would otherwise off-set reson- 
ance, distort the antenna perfomaocc and decrease efficient operation. 
This connection R3 can be provided using a high resistivity conductive 
link, or a3tematively.it can be of a pattcrrcd resistive metal 
structure where the resistive material is subdivided into a number of 
parallel paths normal to the antenna. The latter structure is designed 
to provide high resistance at RF whilst allowing for iiK>dest resistance 
at DC. Further details of this structure »-zrc disclosed In UlC Patent 
Application GB 82 13349, quoted here for purposes of reference. 

A variant of this two--diode nixer circuit is shown in Figure 4. 
Here a second feed transmission line 3* is provided, a line connected, 
in parallel iflth the first feed transmission line 3, to the local 
oscillator LO and to the DC source. The DC bias and LO reference 
circuit continuity is agai'n provided by a resistive connection R3, but 
In this case the connection is made between one conductor 3b' of the 
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second feed transmission line 3* and the stub 13. The stringent design 
considerations for this connection, discussed above, are obviated. 



The mixer circuits shovn in figures 3 and 4 respond to signal 
5 mixing products with odd and even LO harmonics. This can create a 

problem where the signal frequency fs is dose to (n+iOfjj. The R»iyJ.n3 
products with nf|^ and with (ttH)fj^ are then nearly equal in frequency 
and hard to distinguish. Ultimately this prevents discrimination of 
signals of frequency slightly beloiy (nrfi)fR from those of frequency 
10 slightly above. 

llixer circuits with ability to separate nj.xing products with odd 
and even harmonics are described below. 

15 The circuit shown in" figure S is a derivative of the circuit 

already shown in figure 3. It is based on the fact tliet reversal of 
the diodes Dl and D2 reverses the sign of IF signals obtained by mixing 
wJ.th odd harmonics, but does not reverse the sign for even harmonics. 
In figure 5 the circuit thus includes a second pair of diodes Dl* and 

20 1)2* (arranged in reverse direction to the pair Dl and D2 first 

mentioned), a second capacitor C*, a second connective transmission 
lino 5*, a second pair of resistive connections Rl* and R2* providing 
connection between the second connective trensmission line and one 
conductor 3a of the feed transmission line, and a second amplifier A*. 

25 The outputs of the two amplifiers A and A* are connected to the inputs 
of a sunt-and-dif fercnce unit 5* The s\m output of this unit 15 gives 
the product formed by mixing the signal with even harmonics of the 
reference signal, whilst the difference output gives the product formed 
with the odd haxnnonics. Precise separation of even and odd inter- 

30 modulation products depends upon perfect matching of the diodes and 
resistors, the shorted transmission line 13 acting as an ideal short 
circuit at IF and the amplifiers A and A* being matched. In practice 
the separation will be imperfect, but the strongest signals at the sum 
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and difference outputs may be used in subsequent signal processing, 
for exanple, to determine the signal frequency. 

A variant of this circuit is sliovm in figure 6. Here the diodes 
Dl to D2' are arranged all in the saiiie direction but the resistor 
pairs R2 and Rl*, R2* are connected to different conductors 3a and 
3b respectively of the feed transn:ission line 3. Connection between 
the antenna 1 end the feed lint^ 3 is avoided; the DC bias circuit is 
completed by a resistive connection 113 extending betvreen the stub 13 
and & DC bias line 17* 

For &03i£% applications rctsponse to either odd or even LO h.irnonic 
mixing ^rtll be sufficient. The circuit shovm in figure 4, for cr^anple^ 
can to this end be modified by replacing each diode Dl and 1)2 by a 
back-tO"back pair. Operation, in this case, does not require 
application of DC bias. This circuit is responsive to even hrnrwonic 
liiixing products only. 

The circuit shown in figure 7 is designed to have a response to 
odd h.'jrmonic intcrmodulation products only. Here the tv?o diodes Dl 
and D2 are connected to a connactive transmission line 5, a capacitor C, 
an amplifier A» and resistive connections Rl and R2 to one of the con- 
ductors 3a of a feed line 3. Another pair of diodes Dl' and D2* is 
connected to the other conductor 3b of this feed line 3 by a resistive 
connection Rl'. Extra resistors R3 and R3* are added to provide DC 
bias current for the four diodes Dl to D2'. These resistors k3, R3' 
are connected between a DC bias line 17 and the di|>ole limbs la and lb, 
respectively, of the antenna 1. As discussed in the context of 
figure 3, all resistive connections to the dipole metal must be care- 
fully designed to obviate undue RF loading of the antenna 1. In the 
variant of this circuit shown in figure 8, a matcliing, capacitatively 
terminated stub 13, is Included, and the resistors R3, R3* connected 
betuecn this stub 13 and the bias line 17. 



In these two circuits, figures 7 and 8, mixing products resulting 
from even LO harmonics cancel at the amplifier input as long as the LO 
drive to the first pair of diodes Dl and D2 is the same as tliat to the 
second pair of diodes Dl' and D2*. This condition can be achieved if 
5 the resistors R3 and R3' have a much higher resistance than resistors 
Rl, R2 and Rl». 

In the mixer circuit shown in figure 9, a variant of the circuit 
of figure 7, the resistor Rl' is connected bet^^ecn the second pair of 
10 diodes DI* and D2* and one of the conductors 3b* of a second feed 
transmission line. 3*. 

Figure 10 shows an e^iample of a mixer circuit which provides two 
amplified outputs, each taken from one pair of mixer-diodes Dl, D2 and 

15 Dl*, D2' respectively. In this example the two pairs of diodes Dl, 

D2 and Dl', D2' are spaced by a length of transmission line 19* This 
serves ac a delay line and provides a phase delay <J>, for example a 
phase delay of ir/2 by design, batvrecn the IIF signal applied to the lower 
diode pair Dl', D2' and that applied to the upper diode pair Dl, D2. 

20 The LO drives arc in phase. There is therefore a phase shift between 
the outputs of + ^ according to whether the signal frequency is above 
or below the harmonic frequency nfj^. The sign of this phase shift may 
thereafter be used to determine the IF sideband sign:- 

25 ^5 «^ ± ^I 

In certain practical applications, for example in radar inter^ 
ception, the circuits may become exposed to very high level RF 
radiation. In these circumstances circuit protection is needed. One 
30 precaution that may be taken is to include limiter diodes, diodes 

which can switch rapidly and cope with the high RF currents induced in 
the mixer-receiver. An illustration of this is shown in figure 11 
where a pair of parallel limiter diodes D3, D3' have been added to the 
circixit of figure 5. This diode pair D3, D3' has been inserted across 
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the gap of the antenna 1 between the two dipolc limbs la and lb where 
It can best serve to shunt high power PwF signal thereby by-passing the 
mixer diodes Dl to D2'. This diode pair D3, D3' can be provided by two 
reversed Schcttky diodes or by a Schottky diode and PIN diode conbina- 
5 tion. 

Figures 12 and 13 shov7 two principal mounting arrangements for 
mixer circuits of the kind described above 

10 In figure 12 the antcnria 1 and transmission lines 3^ 5 mct&l is depos- 
ited on the surface of a semiconductor substrate 7* This substrate 7 
Is bonded on to the back surface of an insulating dielectric block 21. * 
The semiconductor and dielectric ccterials arc preferably chosnn with 
approxirir.tely similar dielectric constants to optimise the proportion 

15 of signal radiation S transmitted through the dielectric and 

semiconductor mediums 21 and 7 to the antenna 1. The dielectric block 
21 may be sh£:ped to serve as a lens, or may be used as part of a 
compound lens, to concentrate or focus radiation on to the antenna ]. 

20 In figure 13 the semiconductor substrate 7 is in inverted position, the 
metal surface components 3 and 7 being sandwiched between the semi- 
conductor substrate 7 and the dielectric block 21. These metal co;n- 
ponents 3 and 7 if not in touching contact with the block 21 are 
maintained sufficiently close to its surface that any air in the space 

25 between has no appreciable effect upon the antenna-radiation field 

coupling and the behaviour is for all practical purposes no different 
from an antenna at a semiconductor-dielectric interface* In contrast 
to the foregoing example, the dielectric constant of the dielectric 
medium 21 is chosen to be somewhat greater than that of the semi- 

-30 conductor medium 7 so that the antenna couples predominantly to 

radiation from the dielectric side of the assembly. A layer 23 of 
screening metal or of protective dielectric may be Included over the 
back surface of the substrate 7* 
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HARMOSaC MTXBl CIRCUTT AFPLICATIOHS 

Each mixer circuit, described above, may be used alone as a 
receiver. Since the mixer circuit is of coopact structure it may be 
5 utilised, in combination vith two or more other like circuits, in the 
form of one- and tvo-dlmecsional arrays. Furthermore, two or more 
arrays can be combined in one co^iplex receiver system for the more 
demanding of radar applications. A fev applications are described in 
the text that follows belov:- 

10 

1. Single receiver application:- 

In some radar systems - for example doppler radar systepis, it is 
necessary to measure the phase of a high frequency local oscillator 
relative to a ireference source of high phase stability, the latter is 

15 usually at a comparatively low frequency, a typical frequency being in 
the range 50 MHz to 1 GHz. A small fraction of the high frequency 
local oscillator power - typically one microwatt - is radiatively 
coupled by the signal antenna 1 of ah harmonic mixer. The reference 
signal for this mixer is provided by a lower frequency high stability 

20 source LO. The IF output of the mixer is amplified and its phase jj 
is measured. This measurement may be performed, for example, using a 
phase-sensitive detector and another stable reference source, albeit 
one \«hose frequency is close to that of the IF output signal. The 
phase of the high frequency local oscillator is then given by:- 

25 

<^(t) = na?t + </>iF(t) 

where 4q;^it) is the phase of the IF signal, co is the LO frequency for 
the harmonic mixer, n is the harmonic number, and t is the time 
30 variable. For many applications, knowledge of the values of the 
harmonic number n and the reference frequency is not requisite, 
provided that they remain constant. 
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In Unit«?-d KingdoQ Patent Application GB 82 06114 there are 
described a number of Integrated circuit fundair.ental frequency mixers. 
• Each mixer is comprised of a pair of crossed dipolcs having at or near 
its centre a ring mixer » the diodes of which are embodied in underlying 
5 semiconductor substrate material* The harmonic mixer described above 
may be used to monitor local oscillator phase for such a fundamental 
frequency mixer circuit or array of such circuits. It is convenient 
then to incorporate the harmonic mixer using a cocimon semiconductor 
substrate 7 at a position ndjnceht either the one fundamental frequency 
10 mixer 9 or the array of fundamental frequency mixers. 

The measurement of phase, deterralnad as above, may be vt:ed to 
co^apute phase corrections vhlch nay le added or subtracted, as found 
appropriate, during subsequent array slgn.'sls procGSsing, and this 

15 correction may be performed digitally. The phase correction may 
alternatively be made by multiplying an IF output signal from the 
fundamental mixer receivers with a signal obtained by limiting the IF 
output from the harmonic mixer* This technique may be used to assist 
evaluation of the dopplcr spectrum of a target under conditions where 

20 the primary high frequency local oscillator source Itself has poor 
phase stability. 

2. Array applications 

As already stated, a nunber of harmonic mixer circuits may be 

25 combined to form a receiver array, A general layout for such an array 
is illustrated in figure 14. The harmonic mixers M, the antennae 1 of 
which are shown, are arranged in rows, and all use a common high 
resistivity substrate 7. Each row is served by a common feed trans- 
mission line 3. Each transmission line 3 is connected in parallel to a 

30 common local oscillator L0» and is terminated by an appropriate 

impedance Z. Each impedance Z may be a resistive load matched to the 
characteristic Impedance of the trans:aission * line 3, and is designed to 
absorb reference c'ignal. This minimises reference signal reflection 
from the ends of the lines 3, and consequently iiiakes it easier to 
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control the relative phase of the reference sigtuil applied to each 
receiver. The phase of the reference signal will vary fron laixer to 
mixer, hecause there is a phase shift kd introduced hetween each mixer 
M, where "k" is the propagation constant of the transmission line 3 and 
5 "d" the separation of the mixers. 

In an array receiver it is usually desirable to ensure tliat the 
amplitude of the reference signal is the same at each mixer M» This 
may in practice be achieved where the conm-ctive resistors Rl, R2; 
10 Rl ' » R2 ' of the jotxer H are much larger than the impedance of the 

transmission line 3 and of the matched terminations It follows in 
this case that the reference signal power taken by each mixer M is then 
small compared with the LO drive applied to each transmission line 3. 

15 An alternative method for making the amplitudes of the reference 

signal equal at the various mixers is to include in the circuit a 
buffer anplifier operating at reference frequency nt each intersection 
of the transmission lines 3 and the reference signal circuit at each 
mixer. Each buffer amplifier is designed to provide a comparatively 

20 low loading to Its input feed, ie the transmision line 3, so that the 
reference signals are only slightly attenuated as they propagate along 
the transmission lines. 

An array of harmonic mixers M at the focal plane of a lens 21 may 
25 be used as a broad bandwidth receiver. Because the receiver antennae 
1 lie in the focal plane of the lens 21, each couples to a different 
beam direction. Thus a measurement of the amplitudes of the IF output 
signals from each mixer M may be used to estimate the direction of the 
incident wave and hence of its source. It is convenient for the 
30 receiver spacing to be approximately eqixal to the separation of Rayleigh 
spots on the lens focal surface. Amplitude monopulse may be used then 
to refine this estimate of direction. It is* not strictly necessary for 
the receiver array plane to coincide with the focal surface of the 
lens 21 since in principle tlie signals from different mixers K xsay be 
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weighted and combined so as to give the sane outputs as; v/ould be 
obtained from an array in the focal surface* This latter approach nay 
be usefully adopted vherc the focal surface is curved and the receiver 
array can only be fabricated in planar form. 

An array plus lens may be used to detect and esLlntate the bearing 
of incident radiation over a band of frequencies limited by the band- 
width of the signal antennae !• There are tv:o difficulties which need 
to be overcome. Firstly, in order to recognise that a signal is 
present > the IF output from each mixer M needs to be aiLplified to such 
a level that it can be recognised by tlircsho.ld detection. IChcrc the 
input signals are wealc» the gain of the IF amplifier A needs to b« of 
order 60 dB> which is an incoiivnniently hifji value for the gain of 
stable s&plificrs vrith bandv:idths which are typically of order 500 l-yiz. 
It is more convenient to osc a lower amplifier gain of, say, 30 dU, 
and test the output from each nixer amplifier A in sequence. Tlie 
remaining gain may than be provided by an e::ternal booat amplifier. If 
then the array mixers K are addressed sequent tally, the probability of 
a pulse of incident radiation being detected is unity onlj' if the pulse 
duration, Tp, exceeds the time Tg taken to examine all the art'py 
outputs. For shorter pulse duration Tp, the detection probability 
falls roughly in the ratio Tp/Tg. It is useful to reduce the address 
time Tg by extracting more than one IF output at a time. It is useful 
to split tlie incident radiation so that it falls on more than one 
array. The scanning of the arrays is interlfcced so that the effective 
Tg is reduced and the probability of detecting a short pulse of 
incident radiation is increased. 

Secondly, in order to carry out threshold detection conveniently 
it is necessary to sample the IF signal for a period of at least one 
cycle at IF frequency. Since the time allowed for campling the IF 
signal is limited, the minimum IF frequency would normally exceed a 
lower limit of about 30 KH^ (vrhich corresponds to a minimuip sample time 
of 20 ns). Thus the receiver array cannot readily respond to signals 



closer than this figure (typically 50 lIRz) to the reference harmonic. 
In order to eliminate such frequency blind spots it is convenient to 
use a combination of two or more arrays with each array supplied with 
a different reference frequency. A reasonable difference in reference 
5 frequency Mr is given by 

n AfR = kf aln 

yhere n is a typical harmonic number at which the receiver is operating, 
10 ijsdsi minimum detectable IF frequency and k is a constant rather 

greater than 2» If this equation is satisfied, the same, harmonic n fox 
the two different LO frequencies lesds to a separation of IF frequency 
of n Af]^ and at least one of these must exceed f^n magnitude* 

15 It therefore follows' that a receiver de&igncd to intercept 

incident radar (or other) pulses would use two or more arrays- This is 
accomplished by splitting the incident radiation using one or more 
mirrors with one array in the focal plane associated with each 
reflected beam. This principle may be extended to include polarisation 

20 sensitive detection (using a polarisation selective mirror) and to 

increase the overall bandwidth by using arrays with increasing antenna 
lengths and receiver element spacings (proportional to wavelength), in 
the latter case sensitivity is improved if wavelength selective mirrors, 
eg multilayer dielectric mirrors, are used. 

25 

A multiple array assembly is illustrated in figure 15. As shown, 
a number of mixer circuits MI, lH and K3 are located each at one of 
the focal planes of a dielectric compoimd lens 21. The body of this 
lens 21 incorporates a plurality of inclined mirrors, two of these 
30 mirrors 25 are partially reflecting, and one 27 is totally reflecting. 
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Frequency Measuretacnt 

As well as detecting the presence of Incident radiation and 
ectiniating tli3 direction of the incident beam it is useful to be able 
5 to cstitaate the frequency of the incident radiation. This my be done 
in a variety of irTays using one or nore receiver arrays* The nethods 
using two or more arrays are easier and are therefore saore suitable 
for multi-array sensors which also offer the elirriination of blind 
frequencies, broader overall bandwidth^ polarisation sensing and an 
10 increased probability of detecting a short pulse* 

All the methods include a me^surerKir.t of Lha IF frequency fj, a 
determination of the harmonic number n, r.nd a deUeriuination of uhether 
the signal fre^juency is above or bolov tho n^th h.innonic of the local 
15 oscillator* The signal frequency is then calculated from the equation 

fs » nfR + fi 

One method for measuring the IF frequency if? to convert the IF 
20 signal to a square v?ave usins a linltcr and either to Measure the time 
elapsed during a predetermined number of cycles or to count the number 
of cycles in a prcdeter^aincd time*. 

The harmonic number n and whether the signal frequency is above or 
25 below nfj^, which we denote by the booleaa variable b, are determined by 
comparing the IF signals from at least tvro different receiver elements* 
These receiver elements may be in the same array or in different arrays 
in the same lens system* It is necessary for the IF signals to be 
strong compared with noise and this means that the incoming radiation 
30 must be coupled strongly to the antennas of all the mixers that are to 
be used for the IF signal comparison* Tfnerc these receiver elements 
are on the same array it is desirable for the spacing between them to 
be smaller than the radius* of the Illuminated spot on the array plane 
caused by a plane wave incident on the lens* \7bere this condition 
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applies » the radiation will alvrays couple strongly to at least t\?o 
receiver element s, neither of which is close to the first amplitude 
•nininum of the radiation field in the array plane. For an arrsy in 
the focal plane of a lens the radius of the Rayleigh spot is approz- 
5 imately 0.65 and a typical antenna length is 0.45 Xg, where Xg is 
the surface wavelength Xg « where n = ^fiTyTe^yz. 

To Illustrate how instantaneous frequency ocasurcricnt may be 
pecforuedy a tvTo-elesnent mixer array Is shown in figure 16. This array 

10 coiiiprises t\70 mixer circuits HI and IS2 spaced a distance d apart. The 
circuits illustrated are those previously described with reference to 
figure 7 above. The material of the conraon substrate 7 is of hi«h 
resistivity. The attenuative loss in this tccdiua, therefore, is small. 
This loss is given approxiinatcly by the ratio (Z'/pg), where Z' is the 

15 characteristic impedance for the propagation of radiation through the 
substrate 7, and pg the sheet resistivity. Por example, using as 
substrate material > the semiconductor material silicon (Z* 100 CI) 
with a substrate 7 of typical thickness AOO ^m, a maxlTaum attei^uation 
loss of 5% Is found for a relatively high sheet resistivity of 

20 100 n cm. Tlie proximity of the antenna isetal to a semiconductor body 
of finite conductivity leads to parasitic power absorbtlon at signal 
frequency additional tp this simple attenuation lofss. This additional 
loss Increases at lower frequencies » but Is reduced in the case of the 
sandwiched antenna structure of figure 13, provided the dielectric 

25 constant of the dielectric body 21 is significantly higher than that 

of the semiconductor body 7. The arrangeatent of figure 13 is therefore 
preferable at lower microwave frequencies, typically below 20 GHz if 
the semiconductor body 7 is 100 ohm cm silicon. 

30 The circuits HI, H2 shown in the drawing have been designed to 

respond to Incident radiation of 10 GHz frequency or thereabouts. The 
length of each antenna 1 has been chosen so that each antenna 1 is 
half-wave resonant at a centre frequency of 10 GHz. This length is 
governed by the antenna geometry, the dielectric constant c of the 
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substrate 7» and the dielectric constant e* c£ the anbicnt medium, air 
(« • « 1). For silicon material (c = 11 .7) , an antcnnc length of 6 nm 
. cpprox is resonant at 10 GHz, and an antenna having a length-to-width 
aspect ratio 10 to 1, the resonance extends from about 0.75 to 1.1 
5 tines resonant frequency, ie from 7.5 to 11*0 GHz. A reference signal 
of frequency f^ ^ 500 MHz is applied, and the anplifiers A are chosen 
for extraction of IF signal around the twentieth haruonic or there- 
abouts, ie the har«^.onic number n 20. The array Ml, M2 is used in 
combination with a dielectric loiis 21, a lens of alaislno naterial and 
10 having a lens F-uanibsr of F/0.7. A rrlxer separation d 8 ie 
adequate to ensure coverage by both mixers III and H2. 

The transmission line 3 inserts a phc.sn difference <tf heluacxi 
mixers ill, M?.» For opcitnun parforirance it is arranged that thir, yVrse 
J 5 diffevencc <^ results in quadrature in the ccplificr output signr^l?;, 

for one fr*:quency in the band of interest. Should the phctse difference 
required exceed the value kd, the transmi:;i;ion line 3 ray be folded or 
aeandercd to increase electrical path length as required. 

20 Suppose then that the reference signals at the two icixers Ml and 

M2 are A cos w^t and A cos (w^t + 0) icspectively, and the incoming 
radiated signal received at the two mixers varies with time as 
cos(nci>| + Aa;)t. Tlic nixed do^m output signals at the outputs of the 
amplifiers A then vary as cos(Aa't) and cos(4^wt-n^). Tlie frequency of 

25 the mixed down signals is then measured. This is J^w^ but this neasure- 
ment alone does not distinguish an upper sideband frequc^ncy nw^ + Aw 
from a lower sideband frequency nwj -AtJ. Hovjevei, if the phases of 
the two mixed down signals are compared (eg by passing each signal 
through a limiter and measuring the time between the upward going edges 

30 of the limited signals) then the upper or lower sideband cases can be 
distinguished and the value of the harmonic number n found. If the 
phase of the mixed down signal from the second mixer H2 relative to 
that from the first mixer .ill is 9, then if 0 is negative, tlie upper 
sideband i±e lUo>0) case applies and n « -tf/^. If 0 is positive, the 
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lower sideband case C^<0} applies and n «= +6/^. in both cases n = 
Thus the incoming frequency nw^ + ^^^7 detcriaincd. 

The alternative arrangement whereby the IF signals are compared 
from receivers in different arrays, eg as in Fig 15, has the advantage 
that receiver spacinge similar to the Rayleigh spot radius, rather than 
less, are acceptable. It is convenient to position the arrays and the 
mirrors so that an incident plane wave with one focal spot on the 
(i>j)*th element of one array produces another focal spot on the 
(i,j)th element of the other array. Tlie disadvantage of using two 
arrays rather than one is that nore components are needed. Hovjcver, 
since a broad band receiver designed to detect the presence of iucoaing 
radiation conveniently uses several arrays, there is little penalty in 
using ti70 (or more) arrays for frequency measurement uhcre this is 
required in the same system. 

The harmonic nuwber n and the boolean variable b are determined 
from the IF signals from t\:o (or more) mixer c in one of two vayc. 
l^iere the reference frequencies for the receivers are different, the IF 
frequencies are tested for compatibility with various possible values 
of n and b. For general details of. such techniques, the reader is 
referred to an article by C S Altchison entitled "Low frequency sample 
provides pulse frequency measurement" appearing in ^^icrowave Systems 
News (Feb 1983) pages 172-180. Alternatively, where the reference 
frequencies are the same a phase shift ^ between the reference signals 
to the arrays is arranged, for example by including a delay line in 
the reference feed to one of the arrays. Comparison of the phases of 
the IF signals from corresponding receivers of the two arrays, then 
allows the harmonic number n and the boolean variable b to be 
determined as previously described* 



VhBt I claim is:- 

!• An harmonic mixer and circuit comprising:- 

a planar dipole antenna mounted upon a high resistivity body, 
and having connected between the constituent limbs of the dlpoIe 
antenna, a mixer, comprised of at least one diode, matched in 
impedance to the radiation i^ipedance of the antenna; 
connective links connected to the mixer; 

a reference signal source connected to the mixer by means of the 
connective links; and, 

a narrow band amplifier connected to the mixer , responsive to 
mixed signals developed in the mixer, for extracting at least 
one signal at a frequency the difference between the frequency of 
Incident signal radiation and an harmonic of the reference signal. 

2m A device as claimed in claim 1 wherein the body Is of semiconductor 
material, each diode and the amplifier being components integrated 
within this body. 

3. A device, as claimed in claim 2, including a body of Insulating 
material, this material having a dielectric constant close in 
value to that of the semiconductor body material, the free surface 
of the semiconductor body being bonded to the insulating body. 

4. A device as claimed In claim 2, including a body of Insulating 
material, this material having a dielectric constant higher in 
value than that of the semiconductor material, the bodies being 
arranged closely adjacent to one another, the antenna lying 
therebetween. 
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5* A device, as claimed in anv one of the preceding claims, including 
a dielectric lens Integral therewith. 

6. A device, as claimed In either claim 3 or 4 wherein the insulating 
5 body has the form of a dielectric lens or a compoDent part of a 

composite dielectric lens* 

7» A device as claimed In any one of the preceding claims wherein the 
mixer is comprised of at least two .like diodes, these diodes being 
10 arranged In a balanced configuration. 

8. A device as claimed in claim 7 wherein the mixer is comprised of 
two pairs of like diodes, the diodes being arranged in a balanced 
ring configuration. 

15 

9* A device, as claimed in claim 8, including a pair of matched 
amplifiers, one connected between each pair of diodes. 

10* A device, as claimed in claim 9, including processing means, 
20 connected to the output of each amplifier, for providing signals, 

the sum and difference of signals presented at these outputs. 

11. A device, as claimed in claim 8, including a delay line arranged 
In drcxiit between the two pairs of diodes, this line being formed 

25 of metal continuous with each limb of the antenna dlpole, and 

extending orthogonally therefrom. 

12. A device as claimed in any one of the preceding claims 7 to 11, 
Including an inductive stub, this stub being formed of isietal 

30 conductors continuous with each limb of the antenna dlpole, 

extending orthogonally therefrom, and having a resistive termina- 
tion, this stub serving as an Impedance shunt across the mixer. 
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13 • A device as dained in any one of the preceding claims including 
a pair of liaiter diodes, connected in parallel, and Inserted 
between the limbs of the dipole antenna* 

5 14. An harmonic mixer and circuit constructed, arranged and adapted 

to perform substantially as described hereinbefore vith reference 
to and as shown in any one of figures 1 to 13 of the accompanying 
drawings. 

10 15. A receiver comprising:- 

a common supporting substrate of high resistivity material; 
a plurality of receiver elements spaced apart and disposed upon 
the surface of this substrate, each clement including a planar 
15 dipole antenna, a diode-^xer connected between the limbs of the 

dipole antenna, and at least one narrow band amplifier connected 
to the mixer; 

a plurality of common conductors disposed upon the surface of the 
substrate, to feed reference signal, and to feed any d*c. bias 
20 current required, to the mixer elements; and, 

connective links providing coupling between each element and the 
plurality of conductors. 

16. A receiver as claimed in claim 15 wherein the substrate is of 
25 semiconductor material and the diode-mixers and amplifiers are 

components integrated within the body of this material* 

17* A receiver as claimed in either claim 15 or 16 wherein the receiver 
elements are arranged in two dimensional array, conductors for 
30 each row being arranged as a transmission line, each transmission 

line being connected in parallel for connection to a common 
reference source. 
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18* A receiver as clalned in any one of the preceding claims 15 to 
17 including a plurality of feed aiaplifiers, each providing 
coupling between a corresponding one of the receiver elements and 
the reference feed conductors. 

5 

19 • A receiver, as claimed in any one of the preceding claims 15 to 
18 » including a dielectric lens integral therewith, the' antennae 
being positioned at or near the focal surface of this lens. 

10 20. A receiver asseebly comprising in corabination:- 

a dielectric lens; 

a plurality of inclined reflecting mirrors, at least one thereof 
being partially reflecting and incoxrporated within the body of the 
15^ lens; and 

a plurality of receivers, as claimed in any one of the preceding 
claims 15 to 19 » each mounted adjacent to the lens, at or near a 
focal surface thereof, to receive signal radiation deflected by a 
corresponddLng one of the mirrors, and focussed by the lens. 



20 
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21* An assembly, as claimed in claim 20, including a common reference 
source, and phase shifting means co-operative therewith, for 
arranging that reference signal of different phase is applied to 
each receiver* 

22. An assembly, as claimed in claim 20, including reference sources 
for providing reference of different frequency for each receiver. 



23. An assembly, as claimed in claim 20, wherein the antennae of 
30 different receivers, are of different lengths. 
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24. A direction sensitive Interception receiver, comprising in 
combination: a dielectric lens; at least one array of receiver 
elements, each element including a planar dipole antenna, a diode 
mixer connected between the limbs of the dipole antenna, and at 

5 least one narrow band amplifier connected to the mixer; conductors 

and connections for connecting each mixer with a reference source, 
as also for any d*c« bias; a threshold detector, a measuring 
circuit responsive to the output of each atcplifier, and 
computational means; arranged for calculation of the frequency, 
10 pulse duration, and direction of sensed radiation. 

25. A receiver, or receiver asseobly, constructed, arranged, and 
adapted to perform substantially as described hereinbefore with 
reference to and as shown inr any one of figures 14 to 16 of the 

15 accompanying drawings. 
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